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(54) Cable repair. 

(57) In respect of a cable having a plastics electri- 
cally insulating layer (16) covered by a metal 
tape layer (17) which is encased by a plastics 
jacket layer (19), a method of reinstatement of 
the metal tape and plastics jacket layers on an 
exposed region of the electrically insulating 
layer (16). Two plastics tubes (30) with as- 
sociated metal collars (34) are introduced 
around the exposed region and an end of each 
is inserted under the end of the metal tape (17) 
at each end, the tape having previously been 
flared out to accommodate the tube end. The 
flared tape ends are welded to the collars (34), 
and more tape (40) is formed around the exp- 
osed region and also welded to the collars (34) 
to complete reinstatement of the metal layer. 
The plastics jacket reinstatement is effected 
using a length of heat-shrunk tubing (50, 53) 
with a lining (54) of melt-flowable plastics ma- 
terial. 
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This invention relates to the repair of cables with 
an electrically insulating dielectric layer whose integ- 
rity needs to be maintained. Such a dielectric layer 
typically surrounds a high voltage electrical conduc- 
tor, which itself may surround a packaged optical fi- 
bre. Located between the packaged fibre and the high 
voltage conductor, there may be a strength member 
constituted for instance by one or more layers of 
stranded steel. Particularly the invention relates to 
the repair of such cables in which the dielectric layer 
is covered by a metal tape layer, a function of which 
is to provide a measure of protection against localised 
damage of the surface of the dielectric layer which 
could otherwise give rise to impaired dielectric 
strength, for instance as the result of the initiation of 
a crack in the dielectric. In its turn the metal tape layer 
is protected by a plastics jacket layer. For some ap- 
plications such cables are required in long lengths, for 
instance in lengths of 25 Km. During the manufacture 
of such lengths, imperfections in the metal tape layer 
or in its covering plastics jacket layer can occur which 
leave the underlying dielectric layer intact. In these 
circumstances, rather than to strip the jacket and tape 
layers from the whole length of cable before recom- 
mencing a complete replacement of these two layers, 
or scrap the entire cable, it would be preferred to ef- 
fect a localised repair in which only the defective por- 
tion or portions of these layers are removed and then 
replaced with reinstatement material. Generally it will 
be a requirement that such reinstatement does not 
provide cable in the reinstatement region with a drast- 
ically enlarged outer diameter compared with that 
pertaining elsewhere along the length of the cable. 
Additionally it should not provide the reinstatement re- 
gion with a markedly increased stiffness. Also it 
should be capable of being reverse flexed without 
damaging either the integrity of the reinstatement 
metal layer or the underlying dielectric layer. It has 
been found that a reinstatement procedure which sat- 
isfies the flexibility requirements, but which is liable to 
give rise to the presence of voids in the structure, is 
likely to result in a structure in which reverse flexing 
tends to produce unacceptable wrinkles and cracking 
in the reinstatement part of the metal layer. The pres- 
ent invention is concerned with a reinstatement pro- 
cedure in which the incidence of such voids is low, in 
which the flexibility of the reinstatement region ap- 
proaches that of the other regions of the cable, and in 
which the outer diameter of the reinstatement region 
is not unduly larger than that of other regions of the 
cable. 

According to the present invention there is provid- 
ed a method of cable reinstatement including the pro- 
vision of a reinstatement metal layer to join two long- 
itudinally spaced regions of the cable where the cable 
has a plastics electrically insulating layer covered by 
a metal tape layer, said spaced regions being sepa- 
rated by an intervening region from which the metal 



tape layer has previously been removed, in which 
method the metal tape layer in said spaced regions is 
flared, two tubes are assembled around the electrical- 
ly insulating layer in the intervening region, one end 

5 of each tube is introduced under an associated one of 
the flared regions of metal tape and is welded to it, 
and a reinstatement length of metal tape is engaged 
around the electrically insulating layer in the interven- 
ing region and its ends welded to the two tubes. 

10 The invention also provides, in respect of a cable 

having a plastics electrically insulating layer covered 
by a metal tape layer which is encased by a plastics 
jacket layer, which cable has an exposed intact region 
of its electrically insulating layer extending between 

15 two positions where an original portion of the metal 
tape layer protrudes a distance from an original por- 
tion of the plastics jacket layer, a method of providing 
a reinstatement metal layer to surround the exposed 
intact region of the electrically insulating layer and to 

20 extend between said protruding original portions of 
the metal tape layer, in which method each of said pro- 
truding portions of the metal tape layer is flared to 
permit the insertion, between its innersurface and the 
outer surface of the underlying region of the electri- 

25 cally insulating layer, of the end of an associated one 
of two plastics tubes previously introduced around the 
exposed intact region of the electrically insulating lay- 
er, each of which tubes has a substantially cylindrical 
bore and is provided with a metal collar between ta- 

30 pered ends, wherein, subsequent to said insertion, 
the flared protruding portions of the metal tape layer 
are welded to the metal collars of their associated 
plastics cylinders, and a length of metal tape previ- 
ously formed around the region between the collars of 

35 the two plastics cyl inders is also welded to the collars. 

Subsequent to the provision of the metal rein- 
statement layer, this layer is itself covered with a re- 
instatement plastics jacket. Such a jacket can for in- 
stance be provided by cross-head extrusion using 

40 split extrusion tooling. Recourse to the use of such 
tooling can however be avoided, for instance by the 
use of heat-shrunk tubing internally lined with a layer 
of melt-flowable plastics material. A length of such 
tubing may be introduced over one end of the cable, 

45 located with ends covering the ends of original por- 
tions of the plastics jacket layer, and then heated to 
produce a flow of its lining material while the tubing is 
shrunk on to the cable. 

There follows a description of providing a cable 

so with a reinstatement metal layer and a reinstatement 
jacket in a manner embodying the invention in a pre- 
ferred form. The description refers to the accompany- 
ing drawings in which: 

Figure 1 depicts a schematic cross-section of the 

55 cable, a portion of whose metal tape and plastics 

jacket layers are to be reinstated, 
Figure 2 depicts a side view of a length of the 
cable of Figure 1 where reinstatement is to be 
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made, 

Figure 3 depicts a longitudinal section of one of 
two plastics tube and metal collar assemblies em- 
ployed in making the metal layer reinstatement. 
Figure 4 depicts an assembly of Figure 3 in pos- 
ition on the cable, and 

Figure 5 depicts the cable on completion of the re- 
instatement. 

The cable whose cross section is depicted in Fig- 
ure 1 has at its core a single optical fibre 10 packaged 
in plastics buffer coatings 11 and 12. Surrounding the 
packaged fibre are two layers 13 and 14 of steel 
stranded strength members. The resulting assembly 
is encased in a welded swaged copper tube 15 which 
is adapted to function as a high voltage conductor in- 
sulated by an electrically insulating dielectric layer 16 
of natural (unfilled) medium density polyethylene ap- 
proximately 2 mm thick. Wrapped around the dielec- 
tric layer 16 is a metal tape 17. This tape is an elec- 
trolytic chrome-plated steel tape 0.175 mm thick 
faced on both sides with an 0.05mm thick ethylene ac- 
rylic acid copolymer adhesive layer (not shown). One 
functbn of the adhesive layer is to secure together the 
two edges of the metal tape 1 7 in the region 1 8 of their 
overlap. The cable is completed by the provision of an 
extruded jacket 19 of carbon-loaded high density 
polyethylene having an outer diameter of approxi- 
mately 13.4 mm. 

Figure 2 depicts a length of cable of the construc- 
tion just described with reference to Figure 1. Over a 
portion of the length of this cable, the jacket layer 19 
and the underlying metal tape 17 have been removed 
to expose a region of intact undamaged dielectric lay- 
r 16. At each end of the exposed dielectric layer 16, 
which may typically be between 20 and 100 cm in 
length, the metal tape 17 protrudes a short distance 
beyond the end of the jacket 19. 

To commence reinstatement, the two protruding 
ends of the tape 17 need to be flared out, and two 
plastics tube and metal collar assemblies, each as de- 
picted in longitudinal section in Figure 3, need to be 
introduced around the exposed dielectric layer 16. 

Referring particularly to Figure 3, a plastics tube 
30, preferably made of natural medium density poly- 
ethylene so as to have properties matching those of 
the dielectric layer it is to surround, is provided with a 
longitudinally extending slot 31 to enable the tube to 
be resiliency opened out so that it can be engaged 
around the exposed dielectric layer 16. The tube 30 
has a cylindrical bore lined with a layer (not shown) of 
adhesive copolymer similar to that with which the met- 
al tape is faced. The bore of the tube, complete with 
its adhesive lining, is dimensioned to be a snug fit 
around the exposed dielectric layer. The tube 30 has 
a waisted region 32, typically about 15 mm long, be- 
tween two tapered end regions 33, each typically 
about 10 mm long. In the tapered end regions the in- 
cluded angle between the inner and outer walls of the 
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tube is typically between 2 and 5°. 

The waisted region 32 of the tube 30 acts as a 
housing for a metal collar 34 which is formed in two 
halves separately identified in Figure 4 by index nu- 
5 merals 34a and 34b. The bore of the collar 34 is also 
lined with a layer (not shown) of adhesive copolymer 
similar to that with which the metal tape is faced. 
When the collar is fitted in the waisted region 32 of the 
tube 30, it is a snug fit in that waisted region, and the 
10 outer surface of the collar is flush, at the collar ends, 
with the adjoining outer surface of the tapered end re- 
gions 33 of the tube 30. Conveniently, but not neces- 
sarily, the outer surface of the collar may continue the 
tapers as far as a slightly protruding central band 35 
15 protruding to a height substantially matched with the 
thickness of the metal tape 17. Optionally the contour 
is interrupted by small projections 36 provided for pro- 
jection welding. 

Once the two tubes 30 and their collars 34 are f it- 
20 ted around the exposed dielectric layer 16, they are 
moved to the ends of the exposed dielectric and their 
outward-facing tapers are inserted between the di- 
electric layer 16 and the protruding regions of metal 
tape 17. Before this insertion can happen, these pro- 
25 truding regions of metal have to be flared out to pro- 
vide the requisite space. For this purpose, the two 
sides of the tape in the region of overlap are separat- 
ed by the insertion of a knife blade (not shown) or the 
like, and then a curved knife (not shown) with a con- 
30 tour somewhat similar to that of the cutting edge of a 
gouge is inserted between the separated two sides, 
and is worked round to separate the tape from the un- 
derlying dielectric layer 16 and to flare the tape with 
an angle substantially matched with that of the plas- 
35 tics tube and metal collar assembly. 

Figure 4 shows a tube and collar assembly in pos- 
ition with one of its ends inserted under the flared met- 
al tape 17. The length of the protruding tape is chosen 
so that, when the end of the tape 17 is abutting the 
40 central band 35 on the collar 34, the tube 30 termin- 
ates a short distance, typically up to 2 cm, short of the 
end of the jacket 19. While in this position, the tape 17 
is welded to the collar 34 using the projection 36 for 
projection welding if such a projection is provided, but 
45 using spot welding if no such projection exists. Prefer- 
ably the welding is performed in a region where the 
protruding tape 17 has been flared out to the extent 
that its two sides are no longer overlapped. On the 
other hand it is also preferred to ensure that the flar- 
50 ing is small enough to leave the tape sides in an over- 
lapped state over thefull length of the plastics tapered 
end region 33 that has been inserted under the tape. 

When both tube and collar assemblies have been 
located in position with their ends inserted under the 
55 two flared protruding portions of the metal tape 17, a 
fresh piece of the tape (shown in broken outline at 40 
in Figure 4) is cut to length to fit between the nearer 
side edges of the bands 35 of the two collars 34, and 
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is formed around the exposed dielectric layer 1 6 using 
suitable forming tooling (not shown), and its ends are 
melded to the two collars 34 in the same way that the 
protruding portions of metal tape 17 were welded to 
their respective collars. This completes the reinstate- 5 
ment of the metal layer. By ensuring that the original 
metal tape 17 and the reinstatement tape 40 are fully 
overlapped, except in regions covering the collars 34, 
it is ensured that there is no lateral access to the di- 
electric layer 16, after reinstatement, that does not in- 10 
volve penetration of the metal of either the original 
metal tape 1 7, or the reinstatement tape 40, or the col- 
lars 34. 

The metal tape 17, and the reinstatement metal 
tape 40, are both curved in one plane only, that is to 15 
say they are wrapped into cylindrical form. It is to be 
clearly understood however that the invention can 
also be used with cable constructions employing cor- 
rugated tape. Corrugated tape of this sort is some- 
times used in preference to the other, in order to im- 20 
part less resistance to bending of the cable, or greater 
crush resistance (or both). Typically when corrugated 
tape is employed in the original cable construction, 
and for the reinstatement tape, the corrugations are 
flattened out in the immediate vicinity of the tube 30 25 
and collar 34 assemblies. 

For the reinstatement of the jacketing to cover the 
reinstated metal layer, a length 50 (Figure 5) of heat- 
shrink tubing internally lined with a layer of melt- 
f lowabie plastics material is introduced over one end 30 
of the cable. The heat-shrink tubing may be constitut- 
ed by a helical double wrap of cross-linked polyethy- 
lene, and its melt-f lowabie lining by a layer of very low 
density polyethylene. The length of this tubing 50 is 
typically 20 to 50 cm longer than the distance sepa- 35 
rating the ends of the jacket 19 at either end of the 
length of dielectric layer 16 that was exposed prior to 
reinstatement of its covering metal layer, and the tub- 
ing 50 is located centrally so that these ends of the 
jacket 1 9 lie an equivalent depth inside the ends of the 40 
tubing 50. Tubing which is suitable for this purpose is 
for example provided by the SHRINKWELD tubing 
marketed by Fujikura under the designation 45-11- 
1200. Once the tubing 50 is in position it is locally 
heated in a region extending round its full circumfer- 45 
ence near the midpoint in its length. This local heating 
causes the heat-shrink tubing locally to collapse 
around the underlying cable, and this collapse is 
propagated first to one end, and then to the other, by 
axial movement of the localised heating. By this 50 
means the resulting flow of its lining material elimin- 
ates substantially all voids. A slight extrusion of the 
melt-flowable lining material is produced from each 
end of the heat-shrink tubing, this being represented 
in Figure 5 by the broken lines 51. These extrusions, 55 
together with the extreme ends 52 of the now heat- 
shrunk tubing are trimmed off to provide a smooth 
contour for the transition between the material of the 



jacket 1 9 and the material of the now heat-shrunk tub- 
ing 53 (typically about 22 mm diameter) via an inter- 
mediate band 54 of the melt-flowable lining material. 



Claims 

1. A method of cable reinstatement including the 
provision of a reinstatement metal layer (40) to 
join two longitudinally spaced regions of the cable 
where the cable has a plastics electrically insulat- 
ing layer (16) covered by a metal tape layer (17), 
said spaced regions being, separated by an inter- 
vening region from which the metal tape layer 
(17) has previously been removed, which method 
is characterised in that the metal tape layer in said 
spaced regions is flared, two tubes (30, 34) are 
assembled around the electrically insulating layer 
in the intervening region, one end of each tube 
(30, 34) is introduced under an associated one of 
the flared regions of metal tape (1 7) and is welded 
to it, and a reinstatement length of metal tape (40) 
is engaged around the electrically insulating layer 
(16) in the intervening region and its ends welded 
to the two tubes. 

2. In respect of a cable having a plastics electrically 
insulating layer (16) covered by a metal tape (1 7) 
layer which is encased by a plastics jacket layer 
(19), which cable has an exposed intact region of 
its electrically insulating layer extending between 
two positions where an original portion of the met- 
al tape layer protrudes a distance from an original 
portion of the plastics jacket layer, a method of 
providing a reinstatement metal layer (40) to sur- 
round the exposed intact region of the electrically 
insulating layer and to extend between said pro- 
truding original portions of the metal tape layer, 
which method is characterised in that each of said 
protruding portions of the metal tape layer is 
flared to permit the insertion, between its inner 
surface and the outer surface of the underlying 
region of the electrically insulating layer, of the 
end of an associated one of two plastics tubes 
(30) previously introduced around the exposed in- 
tact region of the electrically insulating layer, each 
of which tubes has a substantially cylindrical bore 
and is provided with a metal collar (34) between 
tapered ends, wherein, subsequent to said inser- 
tion, the flared protruding portions of the metal 
tape layer are welded to the metal collars of their 
associated plastics cylinders, and a length of met- 
al tape (40) previously formed around the region 
between the collars of the two plastics tubes (30) 
is also welded to the collars. 

3. A method as claimed in claim 2, wherein the pro- 
vision of the reinstatement metal layer (40) is suc- 
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ceeded by the provision of a reinstatement plas- 
tics jacket to cover the reinstatement metal layer 
together with said protruding original portions of 
the metal tape layer, which reinstatement plastics 
jacket is produced by cross-head extrusion. 

A method as claimed in claim 2. wherein the pro- 
vision of the reinstatement metal layer (40) is suc- 
ceeded by the provision of a reinstatement plas- 
tics jacket (53) to cover the reinstatement metal 
layer, in which a length of heat-shrink tubing (50) 
internally lined with a layer of melt-f lowable plas- 
tics material is introduced over one end of the 
cable, is located with its ends covering the ends 
of said original portions of the plastics jacket lay- 
er, and is heated to produce a flow of its lining ma- 
terial while the tubing is shrunk on to the cable. 

A method as claimed in claim 4, wherein said 
heating is performed in a localised region com- 
mencing at an intermediate point along the length 
of the heat-shrunk tubing, processing f irst to one 
end of the tubing and then progressing from the 
point of commencement to the other end of the 
tubing. 

A method as claimed in claim 2, 3, 4 or 5, wherein 
the plastics tubes (30) are made of the same plas- 
tics material as the material of the electrically in- 
sulating layer. 

, A method as claimed in claim 2, 3, 4, 5 or 6, 
wherein between each of the plastics tubes (30) 
and the electrically insulating layer (16) is includ- 
ed a layer of polymer adhesive. 

. A method as claimed in claim 2, 3, 4, 5, 6 or 7, 
wherein between each of the plastics tubes (30) 
and its associated metal collar (34) is included a 
layer of polymer adhesive. 
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